Autophagy is an extremely old process during which long-lived proteins and cellular organelles are removed by means of lysosomes. Autophagy may be caused by cellular stress mechanisms. Research has proven that autophagy plays a key role in obtaining nutrients and adapting to the conditions of starvation. Owing to this, it takes part in maintaining homeostasis in cytoplasm and cell nucleus. This objective may be achieved through a number of ways. Depending on the manner in which a substrate connects with the lysosome, we can talk about macroautophagy and microautophagy. Additionally, some authors also distinguish a chaperone-mediated autophagy. The article presented below describes molecular mechanisms of each type of autophagy and focuses particularly on macroautophagy, which is the best understood of all the autophagy types.
INTRODUCTION
Autophagy is one of the morphological types of cell death. The term autophagy was introduced in the 1960s by Christian de Duve. It is derived from the Greek word φᾰγεῖν (to eat) and the prefix αὐτο-(self) and means 'self-eating' [1] . In terms of phylogenetics it is a very old process which probably first appeared a billion years ago in one-cell organisms in the time of their adaptation to periods of limited food availability [2] . Autophagy may be caused by stress-inducingmechanisms for the cell, such as starvation, pathogenic infection, hypoxia or the presence of oxygen radicals. One of the characteristic features of the discussed process is the participation of lysosomes in protein degradation. It enables the removal of long-lived protein from the cell. Autophagy contributes to the degradation of superfluous or damaged organelles. The products retrieved in the procedure are reused as building and energetic material. Owing to these properties autophagy enables adaptation of the organism in the event of starvation. Other functions that have so far have been linked with this process include: it takes part in the synthesis of the surfactant on the surface of type II pneumocytes, maturation of erythrocytes and biosynthesis of neuromelanin in dopaminergic neurons.
Literature provides several types of autophagy. Depending on the manner in which a substrate connects with the lysosome, we can talk about macroautophagy and microautophagy. Additionally, some authors also distinguish a chaperone-mediated autophagy.
Macroautophagy was the first to be characterised in mammals as the main source of aminoacids and other basic components that are required by the organism during times of starvation. In the course of macroautophagy entire regions of the cytoplasm, which contain different organelles, are surrounded with a double or multiple membrane resulting in the formation of enclosed vacuoles called autophagosomes [3] . The phagosomal membrane may originate in the Golgi apparatus, endoplasmic reticulum, cell membrane or mitochondrion. Another step is the fusion of these vacuoles together with the lysosomes which results in the release of hydrolytic enzymes, while the ph of the interior drops, which is conducive to the material contained inside. The structure thus formed is called the autophagolysosom.
The responsibility for the genetic regulation of autophagy in humans is held by the AUT and ATG genes. 27-30 Atg1-Atg30 proteins take part in the process of autophagy [4, 5] . These proteins can be divided into four groups.
• Atg/UKL1/2 serine/threonine protein kinase regulated with mTOR kinase (mammalian Target of Rapamycin). Hormonal signals and the deficit of aminoacids induce autophagy which is controlled by the mTOR-dependent signal path). The inhibition is brought about during the combination of the GTP particle with the Gi3 protein trimer, whereas combination with GDP stimulates sequestration of cytoplasmic components [6] .
• The complex of PI3K/Vps34 lipid kinases mediates in the nucleation of vesicles i.e. creation of the autophagosome vesicle membrane. It also takes part in the intracellular movement of the cytoskeleton elements and the substrate sequestration to autophagic vacuoles.
• The Atg12-Atg5 ubiquitin-like conjugation system.
• The Atg8-PE ubiquitin-like conjugation system. Ubiquitin-like complexes mediate in the growth of vesicles. Two transmembrane proteins, mAtg9 and VMP1, take part in the recirculation of Atg proteins [7] .
The serine/threonine kinase (mTOR), using aminoacids and growth factors, affects cell growth regulation, transcription, translation, formation of rRNA and ribosomes as well as a proliferation and cell movement.
The lack of nutrients leads to the inhibition of TOR activity inducing various cellular responses such as the inhibition of cellular growth in the G1 phase, inhibition of protein synthesis, changes in protein transcription and the activation of the UKL1 protein kinase.
Autophagy is regulated by the contrasting mTOR and UKL1 kinase activity. Inhibiting mTOR with rifamycin increases the activity of UKL1 kinase, whereas the mTOR activation through the RHEB protein strongly inhibits UKL1 activation [8] .
ULK1 and PI3K affect the initiation of the process of autophagy as a component of the larger protein complex [8] . These kinases affect the activation of additional ATG proteins that are located on phagophore membranes and thus contribute to their maturation.
In the course of induction, a complex of Atg13 and Atg101 is formed in the phagophore membrane by the Atg1, which is responsible for its elongation. It is this protein complex that is negatively regulated by the TOR [9] . Atg1 is also responsible for the Atg9 phosphorylation. The activated Atg9 protein is indispensable for an effective recruitment of Atg8 and Atg18 when forming the autophagosome [10] .
The responsibility for the initiation of the process lies also with Beclin 1 which is encoded by the BECN1 gene. This is a protein which, together with phosphatidylinositol triphosphate kinase (PI3K), is involved in the transportation of substrates to autophagic vacuoles. This complex can be found in one part of the Golgi apparatus which indicates that the function of the complex is to control autophagy by supplying phosphatidylinositol triphosphate from the Golgi apparatus to isolating membranes (Lamparska-Przybysz 2005). The Beclin 1 activity must not be inhibited by the presence of Bcl-2 and Bcl-XL anti-apoptotic proteins.
During the formation of the autophagosome, two conjugated systems are created. One of these engages four ATG 5,7,10,12 proteins, and the other is a combination of a phosphatidylethanolamine with the Atg8-Aut7 complex [11] .
The human Atg8 homologue is the LC-3 protein (MAP1LC3 -microtubule-associated proteins 1A/1B light chain 3). We distinguish two forms of this protein: The LC3-I found in cytoplasm, whose number is variable in different cell types, and LC3-II are connected with the autophagosome surface and correlate with their number [12] . The Atg4 proteasis, during the post-translational modification leads to the dissociation of 22 amino acid fragments at the C-end on the light chain of the LC-3 protein, and thus exposing the remainder of the
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PolHypRes magazine index-related in bases: BazTech, Index Copernicus, ARIANA, GBL glycine. The Atg7 and Atg3 catalyse reactions with the participation of the Atg12-Atg5-Atg16L complex that lead to the LC3-I conjugation with the phosphatidylethanolamine (PE) via the exposed glycine remainder. The LC3II thus formed is capable of connecting with the external and internal membrane of the autophagosome. The process of converting LC3I into the LC3II form is enhanced after the induction of autophagy.
The LC3II that is already present on the phagophore membrane connects with the p62/SQTM1 protein which takes part in the loading into the autophagosome and is combined with the components intended to be degraded [13] . The substrate together with the LC3 is moved inside the autophagosome. Products of digestion that takes place in the autolysosome are released back to cytoplasm. After the process of autophagy, the level of LC3II and p62/SQTM1 inside the lysosome decreases. The LC3II in the cytosol is released by the Atg4B and reconverts into LC3 I. LC-3II is a reliable molecular marker of autophagy [6] . The fluorescence labelled LC3 may be observed in the form of small points which are the forming autophagosomes.
The absorption by way of cytosol endocytosis via lysosomes is called microautophagy. The degradation of the macromolecules contained in it is effected through small bulgings of the lysosomal membrane. The formation of autophagosomes is not required. This type of autophagy plays a more important role in selective degradation of organelles. Pexophagy takes place in peroxisomes and may only be effected through micro or macroautophagy.
Chaperone-dependent autophagy requires the presence of appropriate receptors on the lysosome membrane. In order for the protein intended for degradation to be bound with the receptor, the participation of cytosolic chaperones is required; it is the chaperone-substrate complex that binds with the receptor present on the lysosome membrane. Another chaperone is responsible for transmitting the substrate inside the lysosome. In the amino acid sequence of each protein that is a substrate, there is a KFERQ fragment (Lys-Phe-Glu-Arg-Gln) that directs it to the lysosome.
The motif is recognised by the cytosolic chaperone, which is a heat shock protein hsc73. The hsc73 substrate complex that is formed next connects with the Lamp2q receptor placed on the lysosome membrane. The chaperone, which is now located inside the lysosome, also contributes to the translocation of the protein from the surface of the membrane inside where the substrate is subjected to hydrolysis.
Autophagy is a non-selective process which evenly encompasses all cytoplasmic macroparticles. Mitochondria, peroxisomes and the fragments of the Golgi apparatus are also decomposed. Autophagy enables the maintenance of hemostasis in the cytoplasm and the cell nucleus. It is also regarded to be a cellular strategy for survival during times when the access to nutrients has been restricted.
Most of the components that are decomposed in the autophagolysosome become a source of nutrients that enable cellular survival with the least possible energy consumption.
Liver cells are classic examples as autophagy begins in times of hunger in order to produce amino acids that are converted to glucose and supplied to the organs that demand it the most, such as the brain, and to erythrocytes [14] . Autophagy disorders lead to pathologies such as neurodegeneration caused by the accumulation of protein aggregation, muscle damage caused as a result of the accumulation of autophagosomes that weakens cell function; neoplasms [15] .
